Short Chain Fatty Acids (Below C12) of Human Skin Surface Lipids**From the Department of Dermatology, University of Oregon Medical School, Portland, Oregon.  by Kellum, Robert E.
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Copyright C 1557 by The Williams & Wilkins Co.
Vol. 46, No. 4
Printed in U.S.A.
SHORT CHAIN FATTY ACIDS (BELOW C12) OF HUMAN
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ROBERT E. KELLUM, M.D.
Many studies of human skin surface and
hair lipids have reported the presence of free
and esterified fatty acids containing 12 or
more carbon atoms (1—7). These fatty acid
chains were found to have complex molecular
structures, straight and branched saturated
chains, straight and branched unsaturated
chains, odd or even number of carbon atoms,
and even chains suggested to have multiple
branching (2, 3, 5).
Some reports have included ancillary data
on the fatty acids with chain lengths of less
than 12 carbons (1, 2, 3, 7). Weitkamp et cii.
(1) found the presence of the straight chain
saturated fatty acids from C7 to CM in pooled
samples of human hair fat. In the first gas
ehromatographie study of human surface hpid,
James and Wheatley (2) detected the presence
of the n-C7 to CM acids and two series of
saturated branched fatty acids (C8 to CM)
in human forearm surface lipid. More re-
cently, Nieolaides and Ray (7) reported five
different series of branched acids in the C5 to
CM range of free fatty acids from skin sur-
face lipids.
This paper reports a detailed study of these
shorter chain fatty acids (below n-CM) de-
rived from human surface triglycerides by gas-
liquid chromatography (GLC).
MATERIALS
A. Solvents. All solvents used were reagent
grade and all except pentane aad speetroquality
methanol were re-distilled. All solvents were
checked for purity by GLC.
Diethyl ether, anhydrous, ACS reagent (Baker
and Adamson)
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Chloroform, ACS reagent (J. T. Baker Chemical
Co.)
Methanol, anhydrous, ACS reagent (Merck)
Methanol, Speetroquality (Matheson, Coleman
and Bell)
Pentane, Speetroquality (Matheson, Coleman
and Bell)
Benzene, ACS reagent (Baker and Adamson).
Hexane, ACS reagent (Matheson, Coleman and
Bell)
B. Chemicol Reagents.
Sulfuric acid, concentrated, ACS reagent (Baker
and Adamson)
Dichlorodimethyl silane (Matheson, Coleman
and Bell)
Rhodamine 6G (Basic Red 1), (Matheson, Cole-
man and Bell)
Sihca gel H, No. 7736, according to Stahl (Brink-
man)
Silicie acid, 100 mesh, analytical grade (suitable
for chromatographie analysis by the method
of Ramsey and Patterson), (Mallinckrodt)
Platinum oxide, catalytic, for microhydrogena-
tion [synthesized by the method of Vanden-
heuvel (8)]
C. Reference Standards (for thin-layer chrorna-
tography).
Squalene, courtesy of Dr. Elinor Levin
Hexadecyl behenate [synthesized by the method
of Haahti (4)]
Cholesterol, Hormel Institute
Lanosterol, Aldrich Chemical Company
Cholesteryl Palmitate, Hormel Institute
Tripalmitin, Hormel Institute
Stearie acid, Hormel Institute
Dipalmitin, Sigma Chemical Company.
D. Fatty acid reference standards for GLC.
3-butenoic acid (unsaturated C4), (Eastman Or-
ganic Chemicals)
Pentanoic acid (C6), (Matheson, Coleman and
Bell)
4-pentenoic acid (unsaturated C5), (K & K
Laboratories, Inc.)
2,2-dimethyl propanoic acid (double branched
C6, pivalic acid, trimethylacetic acid), (K & K
Laboratories, Inc.)
Hexanoic acid (C6), (Mathcson, Coleman and
Bell)
2-hexenoic acid (unsaturated C6), (K & K Lab-
oratories, Inc.)
3-hexenoic acid (unsaturated C6), (K & K Lab-
oratories, Inc.)
4-methyl pentanoic acid (iso C6, single branched
C6), (K & K Laboratories, Inc.)
3, 3-dimethyl butanoic acid (double branched
C6), (K & K Laboratories, Inc.)
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Heptanoie acid (C7), (Matheson, Coleman and
Bell)
Oetanoic acid (C4), (Matheson, Coleman and
Bell)
Nonanoie acid (C4), (Matheson, Coleman and
Bell)
Deeanoie acid (C10), (Matheson, Coleman and
Bell)
Dodeeanoie acid (Cs), (Hormel Institute)
Tetradeeanoie acid (C14), (Hormel Institute)
E. Methyl esters of fatty acids (for GLC refer-
ence standards).
Methyl acetate (C2), (Eastman Organic Chemi-
cals)
Methyl propionate (C3), (K & K Laboratories,
Inc.)
Methyl butyrate (C4), (Eastman Organic Chem-
icals)
Methyl 2-methylpropanoic acid (iso C4, single
branched C4), (Eastman Organic Chemicals)
Methyl 3-methylbutanoic acid (iso C5, single
branched C5), (K & K Laboratories, Inc.)
Standard NIH Mixture E (methyl esters of C8,
C10, C32, C14, C14), (Apphed Science Labora-
tories, Inc.)
Methyl 12-methyltrideeanoate (iso C14), (Ap-
plied Science Laboratories, Inc.)
Methyl 14-methylpentadeeanoate (iso C14), (Ap-
plied Science Laboratories, Inc.)
Methyl 16-methylheptadeeanoate (iso C18), (Ap-
plied Science Laboratories, Inc.)
Methyl 12-methyltetradecanoate (anteiso C15),
(Applied Science Laboratories, Inc.)
Methyl 14-methylhexadeeanoate (anteiso C11),
(Applied Science Laboratories, Inc.)
METHODS
This report reflects work done on skin surface
lipid samples from 3 normal young men, aged 21
to 25, who had no past history or clinical evidence
of acne vulgaris or any other skin disease. Samples
of human skin surface lipid were collected as fol-
lows: The day before the first sample collection,
each individual shampooed the scalp and washed
the skin down to mid-chest with a warm water
shower and a detergent or tincture of green soap.
A long and thorough rinse with warm water was
used to remove all possible traces of surface lipid
and soap. The subsequent use of all cosmetic
preparations during the time of sample collection
(hair oils, shaving creams and lotions, deodorants,
etc.) was prohibited.
Twenty-four hours later, the skin of the face
and neck (down to the elavieular hne) was wiped
in a systematic pattern with 20 fat-free cotton
halls saturated with anhydrous diethyl ether (right
forehead, left forehead, right temple, left temple,
right cheek, left cheek, right side of nose, left side
of nose, etc.). The standardized wiping procedure
was repeated daily for three days. The hpids were
extracted four times with 50 ml portions of chloro-
form-methanol (2:1 v/v) and filtered through a
intered glass funnel fitted with fat-free filter
paper. The excess solvent was blown off with nitro-
gen, and the sample was transferred to a tared
glass-stoppered centrifuge tube, blown to dryness
with nitrogen, dried in a desiccator in a nitrogen
atmosphere f or two hours and weighed. Each skin
wiping yielded from 33 to S2 mgs of total lipid/24
hours. Some of the samples from one individual
were pooled to provide a larger lipid sample for
study.
The total lipid sample was re-dissolved in hex-
ane, and the free fatty acids were separated by
four extractions (10 ml each) with 0.06 N NaOH
in 50% ethanol, with counter washing and re-
extraction of the aqueous phase with hexane. The
remaining neutral lipids were blown to dryness
with nitrogen in a tared glass-stoppered centrifuge
tube and weighed.
To isolate the triglycerides, the neutral lipids
were separated into lipid classes by silieic acid
column chromatography. Silicic acid was heat ac-
tivated for 30 minutes at 120° C and stored in a
desiccator under slight vacuum in a nitrogen at-
mosphere. All columns were prepared as follows:
A slurry of 28 gms of activated silicie acid in
hexane was made, poured into a glass column (25
cm height, 25 mm internal diameter, teflon stop-
cock, with a silanized glass wool plug) and al-
lowed to settle with gentle vibration to a 10 cm
height. The column volume was 30—35 ml and a
flaw rate of 1.8 to 2.0 ml/min was attained. Each
packed column was washed with 10 column vol-
umes of hexane. The lipid sample was applied to
the column in 1.5 ml of solvent.
Table 1 summarizes the solvent volumes used to
elute each lipid class. These elution volumes were
determined previously using a model mixture of
reference lipids. A clean separation of the tri-
glyceride fraction was obtained with this elution
scheme.
The lipid classes fractionated by silicic acid
column chromatography were blown to dryness
with nitrogen, and weights were obtained. They
were redissolved in chloroform and each fraction
was confirmed by thin layer chromatography
(Table I).
Thin-layer chromatography. Conventional tech-
uics of thin layer chromatography were used (9).
A slurry of 25 mg of silica gel H in 70 ml of glass-
distilled water was layered (0.25 mm in thickness)
onto 20 x 20 cm glass plates with a Desaga-Brink-
mann adjustable applicator. The plates ivere air-
dried, then heat activated for 30 mm. at 120°C
and allowed to cool. Forty g of each lipid frac-
tion from the column separation were spotted on
the plates with appropriate standards. The plates
were developed in a glass developing tank (27 cm
x 27 cm x 7 cm, internal dimensions) lined with
solvent-saturated Whatman 3MM paper (devel-
oping solvent was either 5% diethyl ether in hex-
ane or 25% diethyl ether in hexane). After devel-
opment, the plates were air dried, sprayed with
Rhodamine 6G (0.001% aqueous solution), viewed
and photographed under ultraviolet light.
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TABLE I
Fractionation of the neutral lipids of human surface
lipid by silicic acid chromatography after
extraction of the free fatty acids
f1 Volumes-solvent Identification by TLC
1 170 ml Hexane Paraffin hydrocarbons
2 200 ml 4% Ben-
zene inllexane
Squalene
3 170 ml 20% Ben-
zene in Hexane
Ste rol esters (Lieber-
mann-Burehard posi-
tive)
4 150 ml 20% Ben-
zeneinHexane
Wax esters (Lieber-
mann-Burchard neg-
ative)
5 180 ml Benzene Triglycerides
6 170 ml Benzene Free sterols (Lieber-
mann-Burchard posi-
tive)
7 80 ml Methanol Polar lipids (mono- and
diglycerides, small
amount of material at
origin, probably phos-
pholipids)
Esterification procedures. The methyl esters of
the fatty acid reference standards were prepared
using BF2 in methanol (10). The methyl esters of
the triglyceride fatty acids of human surface lipid
samples were prepared by transesterification [mod-
ification of the method of Vopenhein (11)] di-
rectly from the triglycerides to the methyl esters.
For the transesterification the triglyceride frac-
tion (usually representing from 25—35% of the
total lipids) was dissolved in 20 ml of freshly
prepared 2% concentrated H2S04 in methanol and
refluxed at 60—64°C for one hour. Fifteen ml of
distilled water (or, more recently, saturated NaCl
solution) were added to the sample in a separa-
tory funnel, and the methyl esters of the triglyc-
eride fatty acids were extracted with two portions
(3 ml each) of pentane (h.p. 36°C). The methyl
esters were blown with nitrogen until no pentane
odor could be detected and analyzed immediately
by gas-liquid chromatography. Excessive blowing
of the sample with nitrogen after disappearance
of the pentane odor resulted in loss of the peaks
below C5. These same esters also showed gradual
diminution in peak size on successive GLC runs
and were gone within 2 to 3 days. This same phe-
nomenon was observed in the reference standards.
Gas-liquid chromatography. The gas chroma-
tography was done on a dual column Perkin-Elmer
Model 800 instrument equipped with a hydrogen
flame ionization detector. The methyl esters of the
triglyceride fatty acids were studied on a 20',
seamless, stainless steel column, 2.5 mm internal
diameter, packed with 8.8% SE-30 on 6.5 gms of
silanized, acid-washed Chromosorb W, 80—100
mesh, flow rate —25 ml/min. of the helium car-
rier gas. Column operation was isothermal to en-
sure more accurate determination of carbon num-
bers, with repeated runs at 90° and 100° (to study
the C2 to C0 range), at 150°C (to study the C0
to C15 range), at 180°C (to study the C8 to C12
range) and at 220° and 240°C (for the C12 to C25
range). Aliquots were subjected to catalytic hy-
drogenation and analyzed in successive gas chro-
matographic runs at the temperatures noted above.
Appropriate reference compounds (methyl esters
of fatty acids) were used as external and, in many
cases, as added internal standards. Cas chromato-
graphic runs were also done on polar liquid phase
(19', seamless, stainless steel column, 2.5 mm in-
ternal diameter, packed with 20% diethylene glycol
adipate [DEGAII, on 6.6 gms of silanized, acid-
washed Chrnmosorb W, 80—100 mesh, flow rate
—'33 mI/mm. of helium carrier gas).
In an unsuccessful effort to characterize the
fatty acids in greater detail, an attempt was made
to collect individual peaks from the SE-30 column
at an external port (splitter ratio—i part to de-
tector :4 parts to the external port). These collec-
tion runs were temperature programmed from 100°
to 200°C at 2°C/mm. The fractions collected from
the non-polar SE-30 column were then re-injected
(with appropriate standards) on the polar liquid
phase column. The individual fractions were not
present, however, in sufficient amounts to yield
identifiable peaks on the DEGA column.
Relative carbon numbers of reference standards
and unknown compounds were calculated by the
method of Woodford and vanGentt (12).
The fatty acids were characterized as follows:
(a) carbon number on non-polar liquid phase
(SE-30); (b) carbon number on polar liquid phase(DEGA); and (c) carbon number after catalytic
hydrogenation. Specific structural identifications,
however, are not possible by gas chromatographic
methods alone.
The area of each peak was calculated as the
height times the width at half height. The linearity
of detector and recorder response was checked
against the quantitative NIH Standard E with
less than 5% average error (conditions: 200°C on
SE-30, retention time of 2.2 minutes for C8, and
41.7 minutes for C10), and the area of each peak
was therefore assumed to be proportional to the
amount present. The area of each peak divided
by the total areas of the peaks in the sample X100
yielded the relative percentage of the peak in
the sample. The data reported, however, reflect
order of magnitude only.
Catalytic hydrogenation for GLC. Aliquots of
t The semi-logarithmic plot of relative retention
times versus the chain lengths (i.e., Ref. 12) was
nonlinear below C5 on both the SE-30 and DEGA
columns (possibly due to low operating tempera-
tures). The carbon numbers of the peaks below
C5 are, therefore, tentative and based on relative
retention times only.
* Only the Spectroquality grade of pentane was
found to be free of extraneous peaks by gas chro-
matography analysis.
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TABLE II
Relative carbon numbers (on non-polar ,SE-30) ofmethyl esters of fatty acids (n-Cs to n-C12) of human
surface triglycerides
1. Sample No. EH 12
Straight chain
saturated
8.21* 8.48 8.61 8.86*
9.23 9.32 9.49 9.59 9.69 9.87 9.94
10.18 10.42 10.53 10.78 10.85
11.21 11.36 11.49 11.58 11.75 11.85
9.00
8.00
10.00
11.00
12.00
2. Sample No. GD 2
8.18 8.37 8.53 8.62 8.85
9.17 9.31 9.46 9.56 9.83
10.36 10.51 10.64 10.84
11.20 11.35 11.50 11.64 11.86
8.00
9.00
10.00
11.00
12.00
3. Sample No. GD 3 (no hydrogenated aliquot)
8.11 8.38 8.52 8.68 8.84
9.19 9.56 9.89
10.17 10.57 10.72 10.88
11.22 11.36 11.51 11.82
—
10.00
11.00
12.00
4. Sample No. CII 123 (no hydrogenated aliquot)
8.15 8.39 8.48 8.83
9.24 9.40 9.55 9.85
10.14 10.34 10.82
11.17 11.32 11.85
8.00
9.00
10.00
11.00
12.00
* Note: The peaks represented by the italic carbon numbers above disappeared with hydrogenation
and are assumed to be unsaturated.
The designations for each sample reflect single or pooled skin wipings and the initials of the donor.
the methyl esters of the triglyceride fatty acids
were dissolved in pentane and subjected to hy-
drogenation with platinum oxide as a catalyst
using a standard micro-hydrogenation unit. The
sample was allowed to hydrogenate with continu-
ous magnetic stirring until no further hydrogen
was being absorbed. The catalyst was removed by
filtration through fat-free filter paper, and these
hydrogenated samples were then studied by GLC
with internal and external reference standards.
RESULTS
bon numbers probably represent the n-satu-
rated fatty acids. The peaks represented by
the average fractional carbon number of 0.85
disappeared with hydrogenation and are as-
sumed to be mono-unsaturated esters. The
peaks of the corresponding n-fatty acids ap-
peared to enlarge after hydrogenation.
In the hydrogenated samples several peaks
with fractional carbon numbers of 0.55 to 0.62
appeared to enlarge. This implied that there
Table II summarizes the carbon numbers (C8 were also mono-unsaturated branched acids
to n-Cu fatty acid) on non-polar SE-30 for the present. The attempts to collect sufficient
methyl esters of the triglyceride fatty acids of amounts of these peaks by preparative gas
human skin surface lipid. The integral car- chromatography to confirm the presence of un-
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TABLE III
Relative carbon numbers (on polar DEGA) of methyl esters of fatty acids (C4 to n-C,3) of human surface
triglycerides
Straight
chain
1. Sample No. GD 1 (after hydrogenation)
3.78
4.13 4.32 4.46 4.56 4.85
5.85
6.90
7.18 7.49 7.59 7.90
8.18 8.31 8.85 8.94
9.29 9.42
10.44 10.55 10.68
11.1 11.22 11.35 11.42 11.54 11.88
4.00
—
—
7.00
8.00
9.00
10.00
11.00
12.00
saturated branched fatty acids on the DEGA
column were unsuccessful.
Other peaks with fractional carbon numbers
also disappeared in the hydrogenated samples
(Table II). These peaks were present, how-
ever, in small amounts in the original samples
and may have only been masked by other
nearby peaks after hydrogenation.
The peaks with average fractional carbon
numbers of 0.18, 0.35, 0.48, 0.55, 0.63, and 0.73
on Se-30 are believed to be branched chain
methyl esters. A definite chemical structure,
however, cannot be assigned to any of these
series based on the present study.
About 20 additional peaks (comprising over
3% of one sample) were present in the C3 to
C8 range on SE-30. The inconstant appearance
and variable amounts of some peaks in this
area suggested that some of these peaks might
be spurious. The peaks in this range (on SE-
30) are, therefore, not included in this re-
port. Further studies of these peaks below C9
are in progress.
Table III records the relative carbon num-
bers (C4 to C12) of the methyl esters of tri-
glyceride fatty acids on the polar DEGA col-
umn.
Table IV summarizes the semi-quantitative
amounts of the methyl esters of the triglyc-
eride fatty acids from C8 to C, and Table V
reports the semi-quantitative estimates for the
individual methyl esters of the triglyceride
fatty acids from C4 to C,2 (excluding n-C
fatty acid).
As noted previously, the semilogarithmie
plot of relative retention times (according to
the method of Woodford and van Gent) was
found to be non-linear below C5 on both non-
polar SE-30 and the polar DEGA columns.
Because of the uncertainties of carbon number
identification below n-C4 and becanse most of
the peaks below the n-C8 fatty acid were
present in small amounts, the quantitation for
the individual peaks below C4 has been de-
ferred.
COMMENT
The present investigation of the shorter
chain fatty acids of human surface lipid (be-
low n-C13) extends the work reported by other
authors. Nicolaides and Ray (7) reported the
presence of five different series of branched
fatty acid methyl esters on diethylene glyeol
sueeinate (DEGS) witk fractional carbon
numbers of 0.15, 0.23, 0.45, 0.63, and 0.75. The
latter two were believed to have the iso and
anteiso configuration, respectively, as deter-
mined by mass spectrometry. Haahti and
Horning (5) had previously reported frac-
tional carbon numbers of 0.68 and 0.75 for
branched fatty acid methyl esters on F-60 Sili-
cone fluid. This study confirms these two pre.
vious reports with the probability that the
peaks at 0.59 to 0.64 represent the iso-branched
structure and the peaks at 0.68 to 0.78 repre-
sent the onteiso configuration at the terminal
end of the fatty acid chain.
The observation of Woodford and van Gent
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(12) was re-affirmed that the saturated
branched methyl esters are eluted on both
polar and non-polar liquid phases before their
corresponding straight chain ester with only
minimal differences in fractional carbon num-
ber on the two different phases. The iso com-
pound is eluted slightly before the anteixo
structure on both polar and non-polar liquid
phases.
Haahti and Horning (5) believed that the
fatty acid methyl esters with fractional car-
TABLE IV
Approximate quantitations of n-C8 to n-C20 fatty
acids from human surface triglycerides (on SE-30)
Note: To simplify this table, the results have
been grouped in a manner similar to that used by
Boughton and Wheatley (3). The designation (a)
refers to the n-saturated acids of each chain
length, (b) represents primarily the monounsatu-
rated acids, and the peaks designated by (c) con-
tain primarily the branched acids.
TABLE V
Approximate quantitation of individual fatty acids
(C3 to C range, excludingn-C12 acid, but includ-
ing the branched and unsaturated C12 acids) from.
human surface triglycerides
Sample EH 12 Sample GD 2 Sample GD 3
Carbon
number
%ofC
to Ci,
excluding
n-C,,
Carbon
number
%ofCs
to C1,
excluding
n-Ci,
Carbon
number
%ofCs
to CII
excluding
n-Cu
8.00 trace 8.00 10.2(?) 8.00 —
8.21 1.5 8.18
8.37
1.4
trace
8.11
8.38
3.6
trace
8.48 0.4 8.53 trace 8.52 0.6
8.61 0.3 8.62 trace 8.68 trace
8.86 5.0 8.85 19.9(?) 8.84 18.5
9.00 0.7 9.00 12.9 9.00 —
9.23 0.3 9.17 trace 9.19 5.8
9.32 trace 9.31 trace
9.49 0.2 9.46 trace
9.59 0.9 9.56 trace 9.56 1.6
9.69 0.4
9.87 0.8 9.83 6.8 9.89 8.9
9.94 4.2
10.00 4.9 10.00 5.4 10.00 7.2
10.18 1.0 10.17 1.6
10.42 0.3 10.36 0.9
10.53 7.8 10.51 7.8 10.57 9.6
10.78 0.9 10.64 1.1 10.72 1.1
10.85 1.3 10.84 1.9 10.88 1.4
11.00 5.2 11.00 5.5 11.00 8.8
11.21 18.2 11.20 9.1 11.22 8.8
11.36 1.8 11 35 1.3 11.36 1.2
11.49 18.8 11.53 15.8 11.51 21.4
11.58 8.1 11.64 trace
11.75 2.5
11.85 14.1 11.86 trace 11.82 trace
bon numbers of 0.40 to 0.45 and 0.47 to 0.55 on
a silicone liquid phase represented double
branched esters. That these peaks might rep-
resent doubly branched esters, as suggested by
these authors, could not be confirmed. Two
fatty acid methyl esters with double branching
were available as reference standards. Pivalic
acid (trimethylacetic acid, double branched
C5) had a carbon number on SE-30 of 4.00,
exactly corresponding to the straight chain
saturated C4 methyl ester, and a relative car-
bon number of 4.88 on DEGA. Although the
fractional carbon number on DEGA would
have distinguished pivalic acid from the n-C4
methyl ester, attempts to collect these peaks
% of total fatty acids
(n-Cs to n-Cso)
Sample Sample SampleEH12 GD2 GD3
1.4 3.0 1.0n-C, to 012 (excluding n-
CII)
-b
-a
-b
-a
-b
-a
C16-c
-b
-a
-b
-a
C18-c
-b
-a
C19-c
-b
-a
C20-c
-b
-a
1.3
0.9
0.8
0.9
1.1
3.7
8.4
3.5
5.2
7.1
1.7
21.0
19.2
3.5
3.5
1.2
1.7
10.3
1.7
0.3
0.2
0.08
0.5
0.5
0.3
:
28.3
21.2
4.1
4.5
1.9
0.8
7.2
1.6
0.08
0.2
0.17
0.5
0.6
0.4
} 20.9
}23.3
15.7
.7
0.6
10.28
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in sufficient amounts for re-chromatography on
the IDEGA column were unsuccessful. The
other double branched methyl ester standard
available was the methyl ester of 3, 3-di-
methylbutyric acid (double branched C0) with
a carbon number of 4.93 on SE-30 which
eluted before the n-C5 methyl ester standard.
Haahti and Horning (5) also reported frac-
tional carbon numbers of 0.45 and 0.55 for
unsaturated single branched compounds. In
the present study, however, none of the peaks
with fractional carbon numbers of 0.45 or 0.55
appeared to decrease with hydrogenation. On
the other hand, if the peaks with fractional
carbon numbers of 0.55 to 0.62 that appeared
to increase in the hydrogenated samples were
originally mono-unsaturated branched esters,
one would predict their original carbon num-
ber (before hydrogenation) would have been
in the 0.40 to 0.45 range. No modification of
these peaks by hydrogenation, however, could
be demonstrated.
Haahti et al. (13), in a study of vernix
easeosa, reported fractional carbon numbers of
0.16 to 0.23 which they believed represented
highly branched esters. Nieolaides and Ray
(7) also reported fractional carbon numbers
of 0.15 and 0.23 for human surface lipids and
for vernix caseosa. The presence of these frac-
tional carbon numbers below C, was con-
firmed. The structures of these methyl esters,
however, have not been determined.
This study revealed a larger percentage of
short chain fatty acids (below n-Cu) in hu-
man surface lipid than has previously been
reported. Although Weitkamp et al. (1) re-
ported 0.9% of total fatty acids of hair fat
were below C12, in other reported studies of
human surface lipid (2, 3), the acids below
C have seldom comprised more than 0.3% of
the total fatty acids.
Three alternatives might explain this larger
amount of short chain material. First, sig-
nificant amounts of shorter chain fatty acids
are being liberated in the sebaceous duet and
do not reach the skin surface as free acids.
The higher percentage of short chain acids
found by Boughton and Wheatley (3) in the
combined esterified fatty acids compared to
the free fatty acids supports this alternative.
Secondly, previous studies have utilized the
more conventional saponification and esterifi-
cation procedures to study the free fatty acid
fraction or the total combined fatty acids of
human surface lipid. Significant losses of the
shorter chain fatty acids are believed to occur
because of their volatility and solubility in
aqueous media during these procedural steps.
The third possibility, e.g., that the longer
chain lengths are selectively liberated in the
sebaeeous duet so that only the longer chain
acids are found free on the skin surface, seems
unlikely.
The present investigation was instigated by
the following hypothesis: that the short chain
fatty acids (below C,,) play a key role in the
pathogenesis of acne vulgaris. These shorter
chain fatty acids below C, have increasing
solubility in water. When the various lipid
classes of human surface lipid, or aqueous
suspensions of sebum or comedones, were in-
jected intradermally, only the free fatty acids
produced the massive inflammatory response
characteristic of acne (14, 15). The working
hypothesis has been that the short chain fatty
acids are incorporated into the triglycerides
of the sebaceons gland and are liberated in
the sebaeeous duet by either endogenous or
bacterial enzymatic action. These short chain
fatty acids with significant solubility in
water would then act as a primary irritant to
damage the follieular wall, diffuse through into
the dermis and produce the clinical and micro-
scopic changes of acne vulgaris.
If the hypothesis is correct, then the short
chain acids (liberated from the triglycerides
in the sebaeeous duet) would not be present as
free acids on the skin surface. Thus, the pres-
ence of the short chain acids has been sought
in the triglycerides.
The first part of the hypothesis has been
answered in the affirmative—that fatty acids
with chain lengths below C,, are present in
human sebum in significant amounts. The
subsequent parts of the hypothesis (the pos-
sible role of the short chain fatty acids in
acne vulgaris, how and if they are liberated in
the sebaeeous duet) have yet to be answered.
SUMMARY
This paper reports a study of the short
chain fatty acids (below n-C,2) of human skin
surface triglycerides by gas-liquid ehromotog-
raphy. Because of their volatility and water-
solubility, these short chain acids were de-
rived from the skin surface triglycerides by
HUMAN SKIN SURFACE LIPIDS 371
transesterification (avoiding entirely the free
fatty acid fraction), e.g., directly from the
intact triglyceride to the methyl esters of the
fatty acids.
Saturated straight and branched chain fatty
acids were found, as well as unsaturated
straight chain fatty acids. The presence of
unsaturated branched fatty acids was sug-
gested.
Significant amounts (up to 3% in one sam-
ple) of short chain fatty acids (C8 to C) were
measured. Additional fatty acids in the C4 to
C9 range were found, but quantitation of these
acids was deferred.
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